Solutions of [14C]urea were applied to diapausing eggs of Acheta and found to be absorbed into the eggs. The initial rate of intake varied with the temperature and also with the concentration of the applied solution.
1. INTRODUOTION In a previous paper (Hogan 1961 ) the termination of diapause in eggs of the field cricket Acheta commodu8 by the application of solutions of urea was described. The most favourable urea concentrations were 0·08-0, 16M. The mechanism of the action was not determined but, in view of the effect of sub-zero temperatures and other characteristics of diapause, it was considered that a steric change in an essential protein of either a metabolite or a membrane, brought about by a mild denaturant action of the urea, might be the explanation.
In order to obtain evidence on the site and nature of the action, the movement of the 140-labelled urea after its application to the ,eggs was studied. In this paper it is shown that [ 14 0]urea enters the egg, and the effect of temperature and the concentration of urea on the rate of intake, has been measured. Eviden,ce of the breakdown of the [ 14 0]urea, with the evolution of 14 002 from the eggs, led to the conclusion that ammonia from the breakdown of the urea might be important in terminating diapause. This led to further experiments in which ammonium compounds were found to be effective.
II. METHODS AND MATERIALS
The eggs used in these experiments were from crickets that had been collected in the field and then held in cabinets at 27(±0·2tO. To obtain diapausing eggs a standard procedure was adopted whereby eggs not more than 24 hr old were held at 23°0 for 14 days.t * Plant Research Laboratory, Department of Agriculture, Burnley, Vic. t The diapause stage is reached in 7 days at 23°C, but the intensity of diapause increases if they are held for a further period of 7 days (Hogan, unpublished data).
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The eggs used were placed on 1-cm 2 pieces of filter paper in plastic containers (consisting of two 1 by t in. plastic-tube caps which could be fitted together to make air-tight capsules) or, in later tests, directly on the plastic surface which formed the bottom of the capsule. They were then covered with the urea solutions under test. Temperature fluctuations, which would tend to favour evaporation and condensation on the sides of the tubes, were damped out by holding the capsules in plastic boxes lined with insulating material. Some evaporation occasionally occurred and the moisture level was restored in these tubes by the addition of further solution. It was found important to have the eggs almost immersed in the urea solution to enable maximum intake.
[14C]urea, with a specific activity of 115 /Lcjmg, was obtained from the Radiochemical Centre, Amersham, England, by courtesy of the Commonwealth X-ray and Radium Laboratory, Melbourne. A solution with a specific activity of 68 ·6 /Lcjml was prepared by dissolving the [14C]urea in distilled water to give a concentration of O·OlM; for a specific activity of 27·4 /Lcjml a solution of concentration 0·004M was prepared. Subsequently, the total concentration of urea in the solution was raised, by adding laboratory reagent urea, to bring the concentration to that required in each experiment.
The radioactivity of the eggs was measured with a thin mica window (1·9 mgjcm 2 ) Geiger-Muller tube with an Austronic scaling unit. Prior to counting, the eggs were washed in running tap water to an extent previously found sufficient to remove activity from the exterior of the eggs. They were then dried and placed on an aluminium planchet and centred under the Geiger-Muller tube in a standard position. Background counts were made on untreated eggs under the same conditions.
III. RESULTS

(a) Intake of Urea by the Egg
It has been shown in a previous paper (Hogan 1961 ) that contact of Acheta eggs with urea solutions leads to the termination of diapause, but the site of the action, whether on the egg-shell or within the egg, was not determined. The following experiment was conducted to determine whether the urea does, in fact, enter the egg. A negative result would indicate action on the egg-shell.
Diapausing eggs, 32 per tube (replicated three times), were placed in 0 ·02M urea (containing O·OlM [14C]urea) and incubated at 23°C. A sample of eight eggs was removed from each tube after 16, 40, 64, and 136 hr, washed, and their radioactivity measured. The eggs were then cut open and their contents removed and homogenized after diluting 1 in 4 with distilled water. A sample (0·016 ml, representing 40% of the original volume) was taken from each homogenate and the radioactivity measured.
In Table 1 the counts per minute for each sample of whole eggs and for the corresponding homogenate, is shown. The increase in radioactivity of the whole eggs with longer periods of contact with [14C]urea was parallelled by the increases in the activity of the egg contents. At each sampling interval the order of activity in the replicates was the same in the whole eggs and the homogenates; the ratio of the activity of the whole egg to that ofthe homogenate varied, but not significantly.
It is thus apparent that when the eggs are placed in contact with urea solutions, urea enters the eggs; it is also clear that counts of radioactivity made on the whole eggs are representative of the activity within the egg. Henceforward, unless otherwise indicated, counts refer to those made on whole eggs.
(b) Influence of Temperature and Concentration of Urea on Rate of Intake of Urea
(i) Temperature.-Solutions of urea at concentrations of 0·02, 0·06, and 0 ·12M (and containing 0·004M [14C]urea) were applied to diapausing eggs by the method previously described. At each concentration the eggs were divided into four groups and incubated at 12, 18, 23, and 29°C. Controls, without urea, were held at each temperature. Mter intervals of 16 and 40 hr and then at successively longer periods varying with the temperature, a sample of five eggs was taken from each treatment, washed, and its radioactivity measured. The relative quantities of urea taken into the eggs in each sample were calculated from the expression
where n is the radioactivity of the eggs in counts per minute, C the molar concentration of the urea solution in which the eggs are immersed, and c the lowest concentration of urea in the series tested. Figure 1 shows that at each temperature the rate of intake of urea rises to a maximum value and then tends to remain steady. However, it will be noted that ABSORPTION OF UREA BY EGGS OF ACHETA 365 after reaching the plateau the amount of [ 14 0Jurea in the eggs, as measured by the . radioactivity, occasionally declines. This could imply that [ 14 0Jurea or [ 14 0J in a compound derived from [ 14 0Jurea is lost from the eggs; or else that the decline is only an apparent one and is due to experimental error. The investigation described in Section III(c) showed the decline to be due to loss of 14 002.
A notable fact emerging from the temperature aspect of this experiment is the rapid intake of urea at a temperature of as low as 12°0.
(ii) Urea Concentration.-In determining the relationship between the rate of intake and concentration of urea, only initial rates of intake have been considered. In the experiment described above the first readings were made after 16 hr, and
Fig. I.-Changes in the urea content of Acheta eggs at four different temperatures after specified periods, based on the radioactivity of the eggs exposed to three concentrations of urea at each temperature.
at four temperatures. The results, given in Table 2 , show that the rate of intake was proportional to the square root of the concentration (since the coefficients in each case were approximately equal to 0·5). Since a knowledge of this relationship could provide evidence on the nature of the process whereby urea is taken into the eggs, the matter was investigated further. A supplementary test was conducted in which the intake was measured over a period of 24 hr at 27°0 whilst using a wider range of urea concentrations. These measurements (Table 2) confirmed the results for the 16-hr exposures.
A further test was conducted to measure urea intake over the first 5 hr of contact, using solutions of total urea concentration 0 '02, 0 '05, 0 '13, 0 '50, and l'OM (each containing 0·004M [ 14 0Jurea) and at a temperature of 27°0. A similar response was again obtained (Table 2 ). (The lower reading at l'OM concentration may indicate that urea is slightly toxic at this concentration.) The fact that exposures at 5 hr avoid the complications described in Section III(c), and the good agreement between this and the results obtained for the 16-and 24-hr exposures, indicate that considerable reliability can be attached to the value obtained for the relationship between rate of intake and the concentration of urea. 
* Means for four temperatures.
J 0·6046 log u t Where U = total urea intake (expressed a~ counts/min), and 'It concentration.
initial uroa these alternatives the following test was conducted. Three tubes, each containing eight diapausing eggs in 0 '02M urea (which contained 0 'OIM [14C]urea) were incubated at 27°C for 40 hr. The eggs were then removed; washed, and their radioactivity measured. They were then placed on water-soaked filter paper in tubes and incubated at 27°C for 24 hr after which their radioactivity was again measured. The procedure was repeated after 96, 142, and 182 hr (Table 3, expt. 1). From the table it is clear that there was a definite decline in the radioactivity as measured on whole eggs.
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A further test was conducted in which diapausing eggs (in six replicate tubes) were treated with O· 02M urea for 40 hr at 27°C as in the preceding test. The eggs were then removed from the tubes, washed, and their radioactivity measured. Eggs from three of the replicate tubes were then homogenized, and the radioactivi~y of each measured, using the same procedure as in Section III(a). The other three replicate tubes were held for a further 302 hr, after which the activity of each group of eggs was measured, before and after homogenizing. In Table 3 (expt. 2), it will be seen that the activity of both the whole eggs and the homogenized eggs showed a marked decline in radioactivity. It is clear, therefore, that an actual loss of 14C occurs from the eggs and that the reduction in the count of the whole eggs is not due to' a redistribution of 14C within the egg. 
* Means of three replicate determinations ill each case.
(ii) Source of Loss of 14 0 from Eggs.-The loss of 14C from the eggs after their removal from contact with [14C]urea must be due to outward diffusion of a 14C_ containing compound, either liquid or gaseous. In the former case, activity would be detectable on the water-soaked filter paper but when washed eggs were transferred' and held on such, no actiVity was found. Hence the loss must be gaseous, presumably CO2. -Accordingly, Ca(OHh was placed in a container in an air-tight plastic box containing several hundred eggs previously exposed to [14C]urea. The Ca(OH)2 became radioactive. It was concluded that 14C02 was being evolved from the eggs.
A more critical test was carried out as follows: Three replicates of 20 diapausing eggs were placed in 0·1 ml of 0 ·OlM [14C]urea in 2 by 1 in. plastic tubes and incubated for 16 hr. A 1-cm 2 piece of filter paper saturated with 10% KOH was affixed to the interior of the lid of the tube. A further three tubes set up in the same way, but without eggs, were used as controls. A mean of 7580 counts/min was obtained on the KOH papers in the tubes containing the eggs after the 16-hr exposure period.
Unexpectedly, a mean of 92 counts/min (after correcting for background) was also obtained from the KOH papers over the control [14C]urea solution.
(iii) Auto-decompo8ition.~Although the radioactivity in the controls in the preceding experiment was negligible compared with that from the eggs, it was necessary to investigate the reason for the apparent evolution of 14C02 from the solution. Contamination with urease seemed a possibility. The [14C]urea solution was, therefore, boiled before measurement and the tubes sterilized. However, the count remained at a similar level. After discussion with appropriate authorities (see Acknowledgments) 38·3  38·4  61·3  77·0  68·4  86·5  69·3  87·5  70·7  88·9  64·4  81·3  64·5  81·5 * H = percentage hatch; difference for significance at the 5% level = 17·3; at the 1 % level = 24·1.
cysteine hydrochloride gave a lower count on KOH paper than the same amount of [14C]urea in water. Since this auto-decomposition factor would have to be taken into account when measuring 14C02 evolution from eggs in the presence of [14C]urea, a further test was conducted using a standard volume of 0 ·01 ml of 0 ·OlM [14C]urea which was placed on the sterilized plastic surface of the bottom of the tube. Four replicates were used. These gave approximately 11 counts/min after an exposure of 16 hr.
In most experiments measurements of 14C02 were taken after the eggs had been removed from the [14C]urea surface and washed. To determine whether autodecomposition took place within such eggs, several batches of them were killed by holding at 85°C for 45 min. 14C02 was no longer evolved from the heat-treated eggs, whereas it continued in the controls. 
(d) Effect of Ammonium Compounds on Diapause
The production of 14C02 from the eggs after their intake of [14C]urea suggests that urease is present in the eggs, and leads to the breakdown of urea to CO 2 and NH3. If the termination of diapause results from the urea absorbed into the eggs then the ammonia, either as such or as the ammonium ion, may be more closely associated with the termination process than the urea.
Preliminary trials were made, therefore, with ammonium compounds on diapausing eggs and some of these caused an acceleration in the rate of termination of diapause. The trials were not sufficiently detailed to enable exact comparisons between compounds showing similar effectiveness, but as the highest hatching occurred in the ammonium oxalate treatment, this was selected for further tests. Table 4 shows ammonium oxalate at concentrations of O·025-0·055M to be effective in accelerating the rate of termination of diapause. The addition of 0 ·05M sucrose had no effect on the influence of the ammonium oxalate. In a separate test a concentration of 0 :075M ammonium oxalate proved toxic to 32% of the eggs.
Further experiments have been conducted with other ammonium compounds and with anhydrous ammonia. The latter was found to be highly effective, much more so, in fact, than any previously tested material. These tests will be described in a subsequent paper.
IV. DISCUSSION
The foregoing experiments show that when diapausing eggs of Acheta are held in contact with solutions of urea at concentrations of up to 1M, urea is absorbed into the eggs. Shortly after entry into the egg breakdown of the urea commences and CO2 is released. The loss of CO2 in this way was revealed in the first experiments, in which the rate of intake of urea was being measured, and limited the extent to which these results could be used for their original purpose.
The measurement of the effect of concentration on the initial rate of intake does not seem to be affected by breakdown of urea over the first 24 hr. In a separate test (Hogan, unpublished data) the evolution of CO2 did not commence appreciably until 5 hr after the eggs were placed in the urea. Hence the value obtained for the initial rate of intake for this period is free of any significant effect due to loss of C02. The agreement between the values for the 5, 16, and 24-hr periods suggests that for the longer periods the amount of CO2 lost represents a very small proportion of the urea in the eggs, or else that there is a compensatory increase in the rate of intake after the breakdown of urea commences.
Prior to these experiments it was not known whether the termination of diapause was due to action by urea on the egg-shell or to processes within the egg. However, it is now known that some ofthe urea is absorbed into the egg and metabolized with evolution of CO2. This suggested the breakdown of urea by urease. It was then demonstrated that ammonium compounds can accelarate the termination of 'f. W. HOGAN diapause. This appears to provide adequate evidence that the absorbed urea is responsible for the termination of diapause.
The possibility still exists that under natural conditions synthesis of urea III the eggs during the winter is the starting point in the termination of diapause. It is strengthened, moreover, by the evidence of the presence of urease in the eggs, from tests conducted with the egg homogenate and urea (Hogan, unpublished data). Again, if the termination of diapause is achieved by a physicochemical reaction, then both urea and ammonia may be involved. At least one instance is known where a metabolic process can be affected similarly by either urea or ammonia (Omura and Osajima 1961) . Alternatively, if it results from the supply of a nutrient formed from ammonia, then urea would be important only as a source of ammonia.
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